Introduction {#sec1-1}
============

Dermatomyositis (DM) is a chronic inflammatory disorder of the skin and muscles. Although it is considered an autoimmune disease, questions remain regarding the etiopathogenesis. Skin involvement in DM usually manifests with characteristic papules over digits, erythema over the elbows and knees, a heliotrope rash around the eyes, periungual telangiectasias, and dystrophic cuticles.\[[@ref1]\] Muscle involvement usually manifests as proximal muscle weakness initially, with or without myalgias or tenderness. An amyopathic variant with minimal to no muscle inflammation has been described.\[[@ref2]\] There is a well-established association of DM with an increased risk of internal malignancy.\[[@ref3]\] Other important clinical features of DM include the presence of interstitial lung disease (ILD).\[[@ref4]--[@ref6]\] In this review, we will discuss the clinical features and initial evaluation of DM in adults.

Comprehensive epidemiologic data are lacking for determining the true incidence and prevalence of DM. Most studies are limited by marked variations according to age, sex, and region.\[[@ref7]\] In addition, most epidemiologic studies pool analyses of autoimmune myopathies, use stricter definitions of disease, and rely on physician billing and hospitalization databases, which may not accurately represent the true population. However, Bendewald *et al*. recently published data from a retrospective 32 year population-based study from Olmsted, Minnesota showing that the overall age- and sex-adjusted incidence of DM was about 1 per 100,000 people per year with an estimated prevalence calculated to be about 20 cases per 100,000 people.\[[@ref8]\] About 20% of patients in this study were clinically amyopathic with an age- and sex-adjusted incidence of 1 per 1 million people. DM has a bimodal distribution in the age of onset, occurring in two peaks, one at 5--14 years and the other at 45--64 years of life. The disease affects women approximately two to three times more than men.

Immunopathogenesis {#sec1-2}
==================

There is ample evidence that DM is an immune-mediated disorder, given the immunohistopathology and given the response to immunosuppression. The typical histopathologic findings of DM in muscle include perifascicular atrophy, endothelial cell swelling, vessel wall membrane attack complex (MAC) deposition, capillary necrosis, infarcts, major histocompatibility complex (MHC) I upregulation, and the presence of an inflammatory infiltrate consisting of T and B lymphocytes, macrophages, and plasma cells.\[[@ref9]\] There are findings of predominant perimysial and perivascular B/CD4+ T cell infiltrate and intravascular MAC deposition. Recent studies have provided evidence that 30--90% of the CD4+ cells found in DM muscle are actually plasmacytoid dendritic cells.\[[@ref10]\]

The typical histopathologic findings in DM skin include epidermal basal cell vacuolar degeneration, apoptosis of epidermal basal and suprabasal cells often with epidermal atrophy, and increased dermal mucin deposition.\[[@ref11]\] A cell-poor interface dermatitis comprised of plasmacytoid dendritic cells at the dermal--epidermal junction is also characteristic. Features that are more specific to DM over cutaneous lupus include C5b-deposition in both dermal vasculature and the dermal-epidermal junction and a perivascular lymphocytic infiltrate.\[[@ref12]\]

DM has traditionally been viewed as a humorally mediated vasculopathic disease given the findings of autoantibodies and complement deposition in vessels.\[[@ref13]\] The proposed mechanism has been that binding of antibodies targeting the endothelium of the endomysial capillaries leads to activation of the complement system with subsequent MAC deposition. This in turn may lead to endothelial swelling, capillary necrosis, perivascular inflammation, and muscle ischemia. Relative hypoperfusion of the perifascicular regions is thought to explain the findings of atrophy in this region on muscle biopsy. This model of DM pathogenesis, however, is unproven.\[[@ref14]\] Certain limitations to this model include the absence of an identified pathogenic antibody against an endothelial antigen, and the unclear relationship between capillary injury and perifascicular atrophy, since the perifascicular area has not been shown to be specifically vulnerable to ischemia.\[[@ref14]\]

Data using gene expression microarrays have demonstrated upregulation of interferon signaling in the muscle, blood, and skin of DM patients.\[[@ref15]\] In muscle, almost 90% of the highly expressed gene transcripts in DM compared with controls belong to genes that are induced by the type 1 interferons.\[[@ref15]\] In addition, the finding that plasmacytoid dendritic cells are present in skin and muscle of DM patients, implicates these cells as potential sources of the interferons. Based on these findings, Greenberg has proposed a revised model of DM wherein endothelial cells and myofibers may be injured by the chronic overproduction intracellularly of one or more interferon α/β inducible proteins.\[[@ref15]\] It has been proposed that interferons produced by plasmacytoid dendritic cells, which are typically found in higher concentration in perimysial regions, may contribute to perifascicular atrophy. What still remains unclear is what might be driving the transcription of interferon α/β inducible genes and whether viral DNA and RNA substrates could potentially be activating the plasmacytoid dendritic cells.

Diagnosis {#sec1-3}
=========

The most commonly used criteria for the diagnosis and classification of DM and PM was defined by Bohan and Peter in 1975.\[[@ref16]\] In classic DM, in addition to cutaneous manifestations and proximal muscle weakness, patients have abnormal muscle enzymes (creatine kinase \[CK\], aldolase, aspartate aminotransferase \[AST\], alanine aminotransferase \[ALT\], and/or lactate dehydrogenase \[LDH\]). Electromyogram (EMG) studies are useful early in disease and show abnormal findings in 70--90% of cases but are nonspecific and can be seen in other muscle diseases. Typical EMG findings include increased spontaneous and insertional activity with fibrillation potentials, positive sharp waves, complex repetitive discharges, early recruitment, and small polyphasic motor until potentials.\[[@ref17]\] Imaging with magnetic resonance imaging (MRI) is a sensitive technique for evaluation of myositis with the presence of muscle edema. Areas of inflammation are hyperintense on T2-weighted images with clearer images seen with fat suppression or short tau inversion recovery sequences.\[[@ref18]\] In late disease, muscle atrophy can be seen. Muscle and/or skin biopsies are required to make a definite diagnosis and to rule out other disease mimickers. The muscle biopsy should be obtained from moderately weak muscle areas as assessed by physical exam, areas of inflammation located by MRI, or muscles contralateral to those identified as abnormal on EMG.

Clinical Manifestations of DM {#sec1-4}
=============================

Muscle disease {#sec2-1}
--------------

DM presents with a varying degree of muscle weakness that is insidious in onset and gradually worsens over weeks to months, but a more fulminant progression can occur. The initial presentation of muscle involvement is typically symmetric and proximal, with distal muscle weakness occurring late in the course of the disease. Patients often have difficulty with activities such as rising from a chair, climbing stairs, lifting objects, or washing their hair. Difficulty holding and manipulating objects can occur with distal muscle involvement. When the neck extensor muscles are involved, patients can present with head drop. With more severe disease, patients can develop dysphagia, dysphonia, and weakness in the muscles of respiration. Myalgias and muscle tenderness are less common but can occur in up to 30% of patients.\[[@ref19]\]

Skin disease {#sec2-2}
------------

The characteristic rash of DM can occur before, shortly after, or at the same time as muscle weakness. As mentioned above, a proportion of patients will have the characteristic cutaneous findings of DM, and never develop clinical or laboratory signs of myositis. A hallmark sign of DM are Gottron\'s papules \[[Figure 1a](#F1){ref-type="fig"}\]. These lesions primarily consist of erythematous to violaceous papules and plaques over the extensor surfaces of the metacarpophalangeal and interphalangeal joints. These lesions may have accompanying scale, and can sometimes develop ulcerations; active lesions tend to resolve with dyspigmentation, atrophy, and scarring. Gottron\'s sign refers to erythematous macules and patches overlying the elbows and/or knees, and are less specific findings for DM \[[Figure 1b](#F1){ref-type="fig"}\].\[[@ref20]\] Another hallmark sign of DM is the heliotrope rash which consists of violaceous erythema of the upper eyelids often with associated edema and telangiectasia. It should be noted that in darker skin types, this erythema may be subtle and overlooked. Erythematous patches and/or plaques in other characteristic sun-exposed or nonsun-exposed areas may also be seen in DM. A confluent erythema in the malar distribution involving the cheeks and extending over the nasal bridge may be seen, and can often involve the nasolabial folds. More extensive involvement can be seen in other areas including the forehead, lateral face, and ears. Confluent macular erythema over the lower anterior neck and upper anterior chest can also be seen (the so-called "V" sign) \[[Figure 1c](#F1){ref-type="fig"}\]. A shawl sign refers to erythema over the upper back, posterior neck, and shoulders, sometimes with extension to the lateral arms \[[Figure 1d](#F1){ref-type="fig"}\]. Nonsun-exposed areas can also be involved, especially the scalp \[[Figure 1e](#F1){ref-type="fig"}\], lower back, and lateral thighs (Holster sign).\[[@ref20]\] Erythroderma with extensive areas of confluent erythema involving over 50% of the body surface area is rare. Also rarely, patients can present with a more ichthyotic variant which appears as severely dry and cracked skin.

![(a) Gottron\'s papules: Violaceous, scaling papules on the skin overlying the joints and proximal nailfolds. (b) Gottron\'s sign: Violaceous patches overlying the knees. (c) "V neck" sign: Erythematous and hyperpigmented macules on the chest. (d) Shawl sign: Violaceous macules and patches on the upper back and shoulders. (e) Scalp disease in dermatomyositis: Deeply erythematous scaling plaques are seen diffusely on the posterior scalp](IJD-57-375-g001){#F1}

Vasculopathic lesions of DM include livedo reticularis, ulceration \[[Figure 2a](#F2){ref-type="fig"}\], and telangiectasia (including gingival and periungual) \[[Figure 2b](#F2){ref-type="fig"}\]. On nailfold capillary examination, DM patients can have prominent dilated and tortuous blood vessels accompanied by avascular areas. The degree of telangiectasias and vessel drop-out reflects ongoing disease activity, particularly in the skin.\[[@ref21]\]

![(a) Shallow, crusted erosions arising in an area of intense inflammation. (b) Telangiectatic macules and papules on the breast in a patient with longstanding disease](IJD-57-375-g002){#F2}

Characteristic hand lesions include rough and cracked, hyperkeratotic, "dirty" horizontal lines on the lateral and palmer areas of the fingers, resembling "mechanics" hands \[[Figure 3a](#F3){ref-type="fig"}\]. Cuticular overgrowth and irregularity on the nail plate can also be observed \[[Figure 3b](#F3){ref-type="fig"}\]. Palmar and plantar erythema occasionally associated with a mottled appearance may be indicative of vascular instability in DM patients. In addition, raised, often tender papules or plaques can be present overlying joint creases of the palmar hands. On biopsy, these lesions demonstrate mucin deposition in the dermis.

![(a) Mechanic hands: Erythematous, scaling papules located on the lateral aspect of the second and third digits. (b) Overgrown cuticles are seen containing multiple hemorrhages. (c) Multifocal, discrete areas of nonscarring alopecia on the posterior scalp](IJD-57-375-g003){#F3}

Other potentially significant cutaneous features of DM include panniculitis, alopecia (focal, due to areas of inflammation on the scalp, or diffuse) \[[Figure 3c](#F3){ref-type="fig"}\], and flagellate erythema (linear streaks in the upper back occurring in association with excoriations from pruritus).\[[@ref20]\] Poikiloderma is a manifestation of disease chronicity with a mottled pattern of hyperpigmented and hypopigmented macules interspersed with telangiectasias \[[Figure 2b](#F2){ref-type="fig"}\]. Lastly, calcinosis involving the skin, subcutaneous tissue, fascia, or muscle seen in areas of potential trauma or inflammation is often a late complication, seen more often in juvenile than in adult cases.

Lung disease {#sec2-3}
------------

ILD is a significant source of morbidity and mortality in patients with inflammatory myositis. It has been estimated that about 35--40% of patients with either polymyositis or dermatomyositis will suffer from ILD during the course of their illness.\[[@ref4]\] Large case series have suggested that over 75% of patients who have an antisynthetase antibody will develop ILD,\[[@ref22]\] however, a small prospective longitudinal study suggested that anti-Jo antibody positivity may portend a better ILD progrosis.\[[@ref23]\] Clinically amyopathic DM can also be associated with ILD, and several studies have reported that rapidly progressive ILD is observed more frequently in this subgroup of patients.\[[@ref24]\]

Patients with ILD present with subjective dyspnea on exertion, cough, and decreased exercise tolerance. The clinical course has been described as one of three patterns: Acute, severe involvement; chronic slowly progressive symptoms; or asymptomatic disease in which abnormal imaging indicates the presence of lung involvement.\[[@ref25]\] Muscle disease typically precedes the onset of lung disease but this is not always the case.\[[@ref22]\]

Pulmonary function testing typically reveals a restrictive disease pattern (forced vital capacity \[FVC\] or total lung capacity \[TLC\] \<80% predicted for age) or a decrease in diffusing capacity of carbon monoxide (DLCO). However, a diagnosis of ILD requires a confirmatory imaging study since the findings on pulmonary function testing can also be seen with respiratory muscle weakness alone. A relatively preserved DLCO with a restrictive physiology would favor respiratory muscle weakness. A recent study also suggests that up to 25% of patients may have only isolated deficiency in DLCO with no other defects on pulmonary function testing.\[[@ref26]\] High-resolution CT (HRCT) scanning is very sensitive for the detection of ILD and can be helpful to follow disease progression. Characteristic features on HRCT include nodules, linear opacities, fibrosis with or without honeycombing, consolidation, traction bronchiectasis, and bronchiolectasis. While earlier studies suggested that ground glass opacities were more responsive to therapy, recent studies suggest that patients with these findings have a poorer prognosis compared with patients with predominantly fibrotic disease.\[[@ref22]\] Bronchoscopy with bronchoalveolar lavage is helpful to rule out occult infections in patients who are chronically immunosuppressed. The role of surgical lung biopsy is unclear---studies evaluating the prognostic utility of biopsy subtypes have not yielded firm conclusions, and further research in this area is needed.

Other manifestations {#sec2-4}
--------------------

Esophageal disease in DM patients most commonly presents with dysphagia to solids and liquids due to loss of pharyngo--esophageal muscle tone. Other signs of pharyngo--esophageal involvement include nasal speech, hoarseness, nasal regurgitation, and aspiration pneumonia. A diagnosis can be confirmed by manometry with low amplitude/absent pharyngeal contractions and decreased upper esophageal sphincter pressures.\[[@ref27]\]

Cardiac muscle involvement in DM is usually subclinical. Most commonly, isolated electrocardiographic changes are noted that are not clinically significant. Valvular abnormalities have also been described, as well as reports of congestive heart failure at the onset of myositis or during the course of disease, but these complications are rare. Autopsy studies of cardiac biopsy data in asymptomatic patients have revealed myocarditis in about 30% of DM patients with histology very similar to that observed in skeletal muscles.\[[@ref28]\] Although cardiac involvement can occur in DM, more often than not, patients are asymptomatic, and therefore there are no guidelines for screening for cardiac involvement in DM patients.\[[@ref29]\]

Other manifestations of DM include Raynaud phenomenon, fevers, weight loss, fatigue, and a nonerosive inflammatory polyarthritis.

Clinically Amyopathic DM {#sec1-5}
========================

The term amyopathic DM was proposed to describe patients who have classic cutaneous manifestations for more than 6 months without clinical, laboratory, or other muscle testing evidence of myopathy, whereas hypomyopathic DM patients could have abnormalities on further muscle evaluation without clinical or laboratory abnormalities.\[[@ref30]\]

The term clinically amyopathic DM (CADM) is now being used as an umbrella term that combines the amyopathic and hypomyopathic DM patients. These patients clinically have neither muscle weakness nor significant muscle enzyme elevation---thus, they are termed clinically amyopathic. Other studies (such as EMG, MRI, or muscle biopsy) may or may not show abnormalities. These patients would be considered conditionally amyopathic if they are being treated with systemic immunosuppressive agents (which may mask myositis) or have had the cutaneous rash for less than 6 months, since classic DM patients can often experience a lag period before weakness develops.\[[@ref30]\]

It has been estimated that 10--20% of patients with DM seen in dermatology referral clinics in the US have amyopathic DM.\[[@ref31]\] However, estimates may be higher at certain centers. For example, Klein *et al*. found that 67% (56/83) of patients seen at the University of Pennsylvania dermatology clinics had CADM when combining patients with amyopathic and hypomyopathic disease.\[[@ref32]\] The first population-based study from Olmstead county Minnesota found that 21% of their DM patients (*n*=6/29) had CADM.\[[@ref8]\] Patients with CADM were predominantly of adult-onset, female, and white race. Three patients (10%) who were originally CADM evolved into clinical DM and were not included amongst the six CADM classified patients. Gerami *et al*. performed a systematic review and found that 37 of 291 (13%) reported cases of adult-onset CADM patients developed muscle weakness at 15 months to 6 years after onset of their skin disease. This suggests that patients with CADM need to be monitored long-term for development of muscle disease.\[[@ref30]\] They also noted that 13% of CADM patients had interstitial pneumonitis and 14% had an associated malignancy. From this study it is unclear if these risks differ between the classic and CADM populations. Data from the Japanese literature, however, suggests that CADM is associated with more rapidly progressive ILD than that seen in classic DM patients.\[[@ref24]\]

Malignancy {#sec1-6}
==========

The association of DM with malignancy has now been studied in several case-control and population-based studies. Large population-based epidemiologic studies from Sweden, Finland, Denmark, Scotland, Australia, and Taiwan have shown an overall increased standardized incidence ratio (SIR) from 3.8 to 7.7 for malignancies at the same time or after the diagnosis of myositis with a frequency from 9% to 42%.\[[@ref33]\] The risk of malignancy was highest at the time of or within 1 year of diagnosis of myositis. Most of these studies relied on accuracy of discharge coding and did not require histologic proof of diagnosis thus somewhat limiting their accuracy.

Pooled data from three published national databases from Sweden, Denmark, and Finland by Hill *et al*. looked at the frequency of specific cancer types in DM.\[[@ref34]\] They found 198 malignancies in 618 cases of DM with an overall SIR of 3.0 (95% CI 2.5--36). SIR for particular cancer types were as follows: Ovarian (10.5), lung (5.9), pancreatic (3.8), stomach (3.5), colorectal (2.5), and nonHodgkin\'s lymphoma (3.6).

Various case series have identified clinical risk factors for malignancy in DM, although there is some discrepancy with these data. Sparsa *et al*. found the presence of constitutional symptoms, absence of Raynaud\'s phenomenon, and high ESR to be associated with occurrence of malignancy in their cohort of 40 patients.\[[@ref35]\] Another study identified the following as associated with a higher risk of malignancy: older age at onset of disease, more severe skin disease with cutaneous necrosis and ulceration, more severe muscle disease with distal weakness, dysphagia, and respiratory muscle involvement.\[[@ref33]\]

Recently, a myositis specific antibody reactive with 155- and 140-kDa nuclear protein (anti-p155/140) has been identified that appears to be associated with malignancy in adult DM patients.\[[@ref36][@ref37]\] A meta-analysis of six published studies on this antibody, showed that patients who tested positive for the p155 antibody had an 18-fold higher association with cancer than p-155 antibody negative patients, with an overall specificity of 89%, sensitivity of 70%, and negative predictive value of 93%.\[[@ref38]\]

All patients with DM should be evaluated at diagnosis for the presence of an associated malignancy. The workup should start with a careful history and physical examination, including a rectal examination, breast and pelvic examination in women, and testicular examination in men. Other age appropriate evaluations for malignancy should be updated, including mammograms and Pap smears in women, prostate specific antigen (PSA) levels in men. All patients over the age of 50 years should have a colonoscopy. Beyond this, there is controversy about the utility of additional malignancy screening techniques. Given the fact that ovarian cancer occurs with a relatively high frequency in association with DM, periodic pelvic and transvaginal ultrasounds may be worthwhile. Data from Sparsa *et al*. suggest that screening CT scans of the chest, abdomen, and pelvis may be useful in detecting cancers that would otherwise be missed.\[[@ref35]\] Other cancer screening tests should be dictated by patient symptoms or ethnic background. For example, in patients of Chinese descent, a search for nasopharyngeal cancer should also be performed. Moreover, a recurrence of myositis or rash after an initial response to treatment should prompt consideration for a search for malignancy.

Autoantibodies and Associated Clinical Features {#sec1-7}
===============================================

As in other autoimmune diseases, there has been a strong association of autoantibodies with clinical features in patients with inflammatory myositis \[[Table 1](#T1){ref-type="table"}\]. Myositis-specific antibodies (MSAs) are found almost exclusively in patients with myositis, whereas myositis-associated antibodies can be seen in other connective tissue diseases as well. MSAs are antibodies to nuclear or cytoplasmic antigens and are found circulating in approximately 50--70% of DM patients.\[[@ref39]\] It remains unclear whether these antibodies have a pathogenic role in the disease process.

###### 

Myositis-specific autoantibodies, autoantigen targets, and clinical features. Re-printed with permission from reference\[[@ref39]\]

![](IJD-57-375-g004)

There are several MSAs to unique synthetase proteins, including Jo-1, PL-7, PL-12, EJ, OJ, KS, and Zo. The most common antibody found in myositis patients overall (but uncommonly seen in DM patients) is the anti-Jo-1 antibody, which targets histidyl-tRNA synthetase, and is associated with the "antisynthetase syndrome" comprised of fever, inflammatory arthritis, Raynaud\'s phenomenon, and ILD. Mechanic\'s hands are cutaneous markers for this entity but can also be seen in patients who do not have antisynthetase antibodies. Although myositis-specific, these antibodies are not commonly seen in DM (0--15%).\[[@ref5]\]

Other MSAs are largely restricted to DM patients. The first to be discovered was the antibody to Mi-2, a nuclear helicase protein, which is seen in 20--30% of DM patients. This antibody has been associated with a relatively good prognosis, a reduced risk of ILD, a more reliable response to steroids, and a diminished incidence of malignancy.\[[@ref5]\] Adults with anti-Mi-2 generally have classic cutaneous features with pathognomic heliotrope, Gottron\'s papules, V-sign, shawl sign, and cuticular overgrowth.

Another DM-specific MSA was recently identified, which is reactive to 155 and 140 kDa proteins.\[[@ref37][@ref40]\] Anti p155/140 antibodies are found to be highly specific for DM and relatively common, seen in 13--21% of DM patients.\[[@ref37][@ref40]\] These antibodies are associated with more severe cutaneous involvement and a markedly higher rate of malignancy---71% in antibody positive vs 11% in antibody negative patients. Additional studies have confirmed the association of anti p155/140 with increased malignancy rates in other cohorts.\[[@ref41]\]

Recently, in a Japanese cohort of CADM patients with rapidly progressive ILD, an antibody to a 140 kDa protein was identified in 19--35% of patients with DM.\[[@ref42]\] The antibody was termed CADM 140 but subsequently the autoantigen was identified as the cytoplasmic protein melanoma differentiation-associated gene 5 (MDA- 5) involved in innate immune responses against viral infections. Patients with MDA-5/CADM-140 have amyopathic disease with a higher prevalence of rapidly progressive ILD. Looking at a different cohort of mostly Caucasian patients, Fiorentino *et al*. have also found that this antibody tends to occur in patients with ILD and mild muscle involvement.\[[@ref43]\] In addition, these patients are characterized by cutaneous ulceration, palmar papules over the finger creases, alopecia, and arthritis/arthralgia.\[[@ref43]\]

Another novel MSA that appears to be DM-specific was reported from the UK that recognizes a small ubiquitin-like modifier autoantigen (anti-SAE) that is involved in posttranslational modification.\[[@ref44]\] It was found in the sera of 8.4% of DM cases who had clinical features of CADM initially, and then progressed to myositis with higher incidence of dysphagia and lower rates of ILD. Additional cohorts need to be analyzed to better define the prevalence and clinical features associated with this antibody.

Conclusion {#sec1-8}
==========

In this review, we have highlighted the clinical presentation and evaluation of DM. It is important to recognize that DM is a unique disease in the category of idiopathic inflammatory myositis with very characteristic skin involvement. There are important clinical manifestations that can be associated with DM, including pulmonary involvement with ILD and malignancy. We have also reviewed recent studies on CADM that show that these patients can develop lung involvement and malignancies like classical DM patients, and need to be monitored long-term for the development of muscle inflammation. Finally, we have reviewed the diagnostic evaluation for patients with DM, including a review of the MSAs and their associated clinical phenotypes. Further research investigating the etiopathogenesis of this complex disease will hopefully shed light on DM susceptibility, heterogeneity, and progression..
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